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Title of the Invention : Method for Selecting Solidified Drops and 
Apparatus therefor 

[CLAIMS] 

1. A method for selecting solidified drops in a process of allowing 
a uranyl nitrate solution to fall in drops from a dripping nozzle to 
an aqueous ammonia solution, and forming solidified drops of uranyl 
nitrate in the aqueous ammonia solution, comprising receiving the 
solidified drops descending straight in the aqueous ammonia solution 
by a collecting vessel placed in the aqueous ammonia solution. 

2. An apparatus for selecting solidified drops comprising: a 
solidifying tank in which an aqueous ammonia solution is stored; a 
dripping nozzle, disposed so as to face an upper opening of the 
solidifying tank, for allowing a uranyl nitrate solution to fall in 
drops to the aqueous ammonia solution; and a collector disposed in 
the solidifying tank for collecting solidified drops of uranyl nitrate 
formed from the drops in the aqueous ammonia solution and descending 
straight in the aqueous ammonia solution. 

3. The apparatus according to claim 2, wherein the collector 
comprises a guide having an opening with an area essentially the same 
as an area of a section of a zone through which the drops having fallen 
from the dripping nozzle descend straight in the aqueous ammonia 
solution . 

4. The apparatus according to claim 3, wherein the guide is a 
cylindrical member . 
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5 . The apparatus according to claim 3, wherein the guide is a dividing 
plate. 

[0014] 

(3) Step of Forming Solidified Drops 

The viscosity of a uranyl nitrate solution prepared by the method 
explained above is adjusted to a suitable one when the solution is 
cooled to a predetermined temperature. Then, the solution is dripped 
from a dripping, nozzle to an aqueous ammonia solution. 
[0015] 

The temperature to which the uranyl nitrate solution to be dripped 
is cooled is decided depending on the viscosity that the solution will 
have. For example, if the operator would like to keep the viscosity 
of the solution at 90 to 110 cp, s/he should cool the solution to 18 
to 22°C. 
[0016] 

There is no special limitation on the method of forming the uranyl 
nitrate solution into drops. One example of the method is to vibrate 
a dripping nozzle with a small diameter by suitable means . The dripping 
nozzle may vibrate along its axis or along its diameter. The dripping 
nozzle is placed so that the opening thereof is directed downward and 
faces an aqueous ammonia solution, which will be explained hereinafter . 
[0017] 

The uranyl nitrate solution is allowed to fall from the dripping 
nozzle in drops by such a method as vibrating the nozzle. The 
solidification of the surface of each drop should begin in the space 
between the opening of the nozzle and the surface of the aqueous ammonia 
solution to prevent the drop from deformation caused by the impact 
that occurs when the drops fall to and hit the surface of the aqueous 
ammonia solution. Therefore the space should preferably be filled with 
ammonia gas. The ammonia gas may be an ammonia gas generated in the 
solidifying tank. However, with some feedstock liquid having a certain 
composition, ammonia gas should be forcefully sprayed to the space 
between the nozzle and the surface of the aqueous ammonia solution 
to modify the concentration of the ammonia gas in the space. 
[0018] 

When a drop begins solidifying while it is hanging from the nozzle, 
the formation of a deformed drop is often observed. Therefore a zone 
ranging from the nozzle down to a predetermined level should be in 
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an inert atmosphere, such as in an atmosphere of nitrogen gas or air. 
[0019] 

Thus, the space between the dripping nozzle and the surface of 
the aqueous ammonia solution has a first zone in an atmosphere of air 
or an inert gas where drops falling from the nozzle is prohibited from 
solidifying, and a second zone in an atmosphere of ammonia gas where 
the drops begin solidifying. This arrangement of the two zones can 
effectively control the diameter of each drop of the uranyl nitrate 
solution falling from the dripping nozzle. 
[0020] 

The inner diameter of the dripping nozzle is normally from 0.25 
to 0.35 mm. The flow rate of the uranyl nitrate solution discharged 
from the dripping nozzle is typically from 15 to 25 cc/min. Under these 
conditions, drops each with a diameter of about 2 to 2.1 mm are formed 
with the dripping nozzle and fall. 
[0021] 

The aqueous ammonia solution, which is a solidifying liquid, 
typically has a concentration of 20% by weight to the saturation level. 
When a concentrated aqueous ammonia solution is employed, the space 
over the surface of the aqueous ammonia solution is in an atmosphere 
of ammonia gas. Drops of the uranyl nitrate that will fall in the 
concentrated aqueous ammonia solution begin solidifying while they 
are passing through the atmosphere of ammonia gas, and a solidified 
film is formed on the surface of each drop. The film prevents the drops 
from being deformed by the impact given to them when they collide with 
the surface of the aqueous ammonia solution. The film is made of an 
ammonium compound such as ammonium diuranate (ADU) produced by the 
conversion of a metal salt such as uranyl nitrate by the reaction thereof 
with ammonia . 
[0022] 

The solidifying tank in which the aqueous ammonia solution is 
stored is preferably in the shape of a cylinder with a funnel at its 
bottom. When an aqueous ammonia solution introduced into the 
solidifying tank in this shape from an upper part of the tank is gushed 
out from a center of the bottom, this circulation of the solution drives 
solidified drops settling on the bottom of the tank into a state of 
1 lively dancing 1 , which effectively prevents the solidified drops from 
adhering to each other. 
[0023] 
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Drops with the solidified film formed in the way explained above 
descend in the aqueous ammonia solution. According to the method of 
the present invention, solidified drops that descend straight are 
collected. This method makes it possible to collect only solidified 
drops with good sphericity, and drops inferior in the sphericity are 
not collected. Collecting only solidified drops descending straight 
is based on the fact that drops or solidified drops with good sphericity 
descend straight in the aqueous ammonia solution, while drops or 
solidified drops in the shape of a non-sphere, such as a flattened 
sphere or an ellipsoid, do not descend straight in the aqueous ammonia 
solution but descend aslant or in a zigzag manner. In other words, 
since those that do not descend straight are considered to be drops 
or solidified drops with incomplete sphericity, a selective collection 
of drops or solidified drops descending straight will lead to the 
collection of drops or solidified drops in the shape of a true sphere. 
[0024] 

Furthermore, when the aqueous ammonia solution is circulated 
through a solidifying tank with a funnel-shaped bottom in such a way 
that the aqueous ammonia solution is drawn out of the tank from an 
upper part thereof and spurted into the tank from the center of the 
funnel, the solution has a current of the aqueous ammonia solution 
rising from the center of the bottom of the tank, ascending near the 
central axis of the tank, and spreading in all directions near the 
surface of the solution. In the solution with this current, drops with 
incomplete sphericity among the drops falling from the dripping nozzle 
always descend aslant toward the inner wall of the tank when they are 
near the surface of the solution, while drops with good sphericity 
descend straight against the mild rising current of the aqueous ammonia 
solution. Therefore, a selective collection of only the drops or 
solidified drops descending straight will provide the collection of 
drops or solidified drops in the shape of a true sphere or with good 
sphericity. 
[0025] 

A guide having an opening with an area essentially the same as 
the area of the section of the cylindrical zone of the solution in 
which drops falling from the dripping nozzle descend straight should 
be provided to collect the drops of uranyl nitrate or solidified drops 
descending straight . The arrangement of a plurality of dripping nozzles 
decides the shape of the opening of the guide. 
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[0026] 

For example, when the dripping nozzles are disposed so as to 
form a circle, the guide may have an opening 22 whose horizontal section 
is in the shape of a circle that is larger than the circle which is 
formed by the shadows 21 of the nozzles made by projecting the nozzles 
onto the plane of the guide that will have the opening. The guide shown 
in Figure 1 is in the shape of a hollow cylinder. 
[0027] 

Alternatively, the guide may have an opening 22 whose horizontal 
section is in the shape of a ring, as shown in Figure 2. The outer 
circle that forms the radially outer wall 22a of the ring is larger 
in diameter than the circle which is formed by the shadows 21 of the 
nozzles made by projecting the nozzles onto the plane of the guide. 
The inner circle that forms the radially inner wall 22b of the ring 
is smaller in diameter than the circle which is formed by the shadows 
21 of the nozzles made by projecting the nozzles onto the plane of 
the guide. The guide of this example is in the shape of a cylinder 
with a doughnut-shaped opening. The guide shown in Figure 2 is capable 
of excluding drops or solidified drops with incomplete sphericity 
descending aslant toward the center of the tank, or the center of the 
circles in Figure 2, and collecting drops or solidified drops in the 
shape of a true sphere or with good sphericity. 
[0028] 

Also, when a plurality of dripping nozzles are arranged so that 
they are placed on the intersections of a grid pattern, the guide may 
have an opening whose horizontal section is in the shape of a square 
or rectangle that is slightly larger than the grid pattern which is 
formed by the shadows of the nozzles made by projecting the nozzles 
onto the plane of the guide that will have the opening. The guide of 
this example is in the shape of a cylinder with an opening in the shape 
of a cube or a rectangular parallelepiped. 
[0029] 

The guide is not limited to such cylinders as those explained 
above. It may also be a dividing plate. 
[0030] 

The depth at which the upper end of the guide is situated in 
the aqueous ammonia solution may suitably be decided by means of 
sufficient studies through experiments on how drops or solidified drops 
with incomplete sphericity descend aslant. 
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[0031] 

Drops of the uranyl nitrate solution in the shape of a true sphere 
or with good sphericity, which have been selected by the guide, become 
gelled as they descend in the aqueous ammonia solution, and settle 
on the bottom of the solidifying tank. The drops of the uranyl nitrate 
solution with incomplete sphericity removed by the guide are collected 
and subjected to reuse. 

[0039] 
[EXAMPLES] 
[Working Example] 

Fuel kernels in the shape of a true sphere or with good sphericity 
were produced with the apparatus shown in Figure 3. The apparatus of 
Figure 3 had an outer solidifying tank 1 in the shape of a hollow cylinder 
with an inner diameter of 20 cm and with a bottom, and an inner solidifying 
tank 2 inserted through the bottom of the outer solidifying tank 1. 
To the bottom of the outer solidifying tank 1 was connected first pipes 
3 to draw out solidified drops with incomplete sphericity. The inner 
solidifying tank 2 is fixed to the outer solidifying tank 1 so that 
the central axis of the inner solidifying tank 2 is the same as that 
of the outer solidifying tank 1, and an upper opening end 2a of the 
inner solidifying tank 2 is located 20 cm below an upper opening end 
la of the outer solidifying tank 1. The lower part of the inner 
solidifying tank 2 is in the shape of a funnel, and the lowest end 
of the funnel-like bottom 2b is connected to a second pipe 4 for drawing 
out solidified drops. To an upper part of the lateral circumferential 
wall of the outer solidifying tank 1 is connected one end of a third 
pipe 5 to draw out the aqueous ammonia solution in the outer solidifying 
tank 1 and return it to the lowest end of the inner solidifying tank 
2 . The other end of the third pipe 5 is connected to the second pipe 
4. A first valve 3a is disposed in the first pipe 3, a second valve 
4a in the second pipe 4, and a third valve 5a in the third pipe 5. 
The reference "P" denotes a pump. 
[0040] 

A dripping device 6 is disposed above the upper opening la of 
the outer solidifying tank 1. The dripping device 6 has eight dripping 
nozzles 7 each with an inner diameter of 0.3 mm arranged on the 
circumference of a small circle with a diameter of 5 cm, and eight 
dripping nozzles 7 of the same inner diameter arranged on the 
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circumference of a large circle with a diameter of 8 cm. Each of the 
dripping nozzles 7 allowed a uranyl nitrate solution fed from a uranyl 
nitrate solution supplier 8 to fall in drops. Nitrogen gas flew around 
the dripping nozzles 7. The distance between the dripping end of each 
dripping nozzle 7 and the surface of the aqueous ammonia solution stored 
in the outer solidifying tank 1 was 25 cm. A spraying nozzle, not shown 
in the figure, was disposed between the dripping nozzles 7 and the 
aqueous ammonia solution to spray ammonia gas to the dripped drops 
of the uranyl nitrate solution. 
[0041] 

In this working example, a uranyl nitrate stock solution was 
first prepared in the following way. U 3 0 8 powder in an amount of 10 
kg in terms of uranium was dissolved in nitric acid, so that a uranyl 
nitrate stock solution with the uranium content of 470 gU/liter was 
prepared. This amount of the stock solution is for five batches. 
[0042] 

Then, 1,840 g of polyethylene glycol was mixed with one liter 
of pure water at a raised temperature of 60 °C, which produced an aqueous 
polyethylene glycol solution. Also, 32 g of Metolose was mixed with 
one liter of pure water at a temperature of 90°C, which resulted in 
an aqueous Metolose solution. 2.56 liters of the uranyl nitrate stock 
solution was mixed with the aqueous polyethylene glycol solution and 
the aqueous Metolose solution, and pure water was added to the resultant 
mixture so that the entire volume of the product was 8 liters. The 
uranyl nitrate solution, the uranium content of which was 250 gU/liter, 
was thus prepared. The obtained uranyl nitrate solution was cooled 
to 20°C, which made the viscosity of the solution 100 cp. 
[0043] 

The inner solidifying tank 2 and the outer solidifying tank 1 
were filled with a 28-wt% aqueous ammonia solution, and the aqueous 
ammonia solution was kept at 30°C. The aqueous ammonia solution was 
circulated through the outer solidifying tank 1 and the inner solidifying 
tank 2, or sent via the third pipe 5 to the bottom of the tank 2, at 
a flow rate of 20 liters/minute. 
[0044] 

The uranyl nitrate solution was kept at 30°C in the uranyl nitrate 
solution supplier 8 . The solution was dripped from each dripping nozzle 
7 at a flow rate of 20 cc/minute. Drops with a diameter from 2 . 0 to 
2.1 mm fell from the end of each dripping nozzle 7. Nitrogen gas was 
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sent to the dripping nozzles 7 at 0.4 liter/minute , and ammonia gas 
was sprayed at 10 liters/minute . The dripping of drops from the dripping 
nozzles 7 was monitored over seven hours. 
[0045] 

Of the uranyl nitrate solution drops falling into the aqueous 
ammonia solution, drops 9 with incomplete sphericity fell aslant between 
the outer solidifying tank 1 and the inner solidifying tank 2, as 
schematically shown in Figure 3, and settled on the bottom of the tank 
1 . On the other hand, drops 10 that descended almost vertically settled 
on the bottom of the tank 2. The aqueous ammonia solution circulated 
through the third pipe 5 was spurted from the bottom of the inner 
solidifying tank 2, which prevented the solidified drops from adhering 
to each other on the bottom. 
[0046] 

The dripping was stopped after seven hours from the beginning 
thereof. The solidified drops were kept in the inner solidifying tank 
2 as they were, while the aqueous ammonia solution was being spurted 
from the bottom of the tank 2. The solidified drops were left in the 
solidifying tank 2 under the same conditions for ten hours, and aging 
was completed. Solidified particles were thus obtained. 
[0047] 

The solidified particles were drawn from the bottom of the inner 
solidifying tank 2 through the second pipe 4 . The particles were washed 
with pure water, the pH value of which had been adjusted to 10, and 
thereafter with ethyl alcohol. Moisture that had been on the surfaces 
of the particles was thus removed. 
[0048] 

Then, the washed solidified particles were immersed in carbon 
tetrachloride, and an azeotropic distillation was carried out for ten 
hours so that ethyl alcohol was removed. The solidified particles were 
taken out, and dried at 20°C at first. Then, the drying temperature 
was raised gradually, and it was 76°C when the drying was terminated. 
[0049] 

The dried particles were sieved with a screen having a sieve 
opening from 1,130 to 1,300 jam. Samples were randomly taken from the 
selected particles, and the sphericity was determined with them by 
the following method. Sampled particles were projected, and four 
diameters were measured with the shadow of each particle. The ratio 
of the maximum diameter d max to the minimum diameter d m i n was calculated 
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for each shadow, or each solidified particle, and this ratio was 
considered as an index of the sphericity. One hundred solidified 
particles were sampled for each production of solidified particles. 
[0050] 

The steps explained above were regarded as a batch, and additional 
four batches were carried out. The results of each batch are shown 
in Table 1. 
[0051] 

(Comparative Example) 

Solidified particles were produced under the same conditions 
as in the working example with the apparatus similar to that shown 
in Figure 3. The apparatus in this comparative example did not have 
the outer solidifying tank, and the upper end of the inner solidifying 
tank extended from the lower ends of the dripping nozzles to the location 
of the upper opening of the outer solidifying tank of Figure 3. The 
aqueous ammonia solution in the inner solidifying tank was drawn and 
sent through the third pipe to the bottom of the inner solidifying 
tank where the solution was spurted. This is considered as a 
conventional method and the results thereof are shown in Tables 1 and 
2. 

[0052] 



[Table 1] 





Batch 


Concentration of 


Amount of 


Amount 


Amount of 


Yield 






radioactive 


solidified 


of the 


good 








material in the 


drops with 


screened 


product 


Amount of 






used aqueous 
ammonia solution 
(Bq/cm 3 )*l 


poor 

sphericity 
(gU) 


out 
(gU) 


(gU) 


good product 
(gU) /2,000 gU 


Comparative 
Example 


*2 


2.0 [9gU] 




91 


Ave. 1900 


Ave. 95 


Working 


1 


0.4 [2 gU] 


22 


15 


Ave. 1961 


Ave. 98 


Examples 


2 


0.4 [2gU] 


28 


29 


Ave. 1941 


Ave. 97 




3 


0.4 [2 gU] 


12 


8 


Ave. 1978 


Ave. 99 




4 


0.4 [2gU] 


19 


20 


Ave. 1959 


Ave. 98 




5 


0.4 [2 gU] 


21 


17 


Ave. 1960 


Ave. 98 




Average 


0.4 [2 gU] 


20 


18 


Ave. 1960 


Ave. 98 



*1) How to convert the concentration of radioactive material to the 
value in gU : 

236U ... 1 jjci = 3 gU, 1 pci = 3.7 x 10 4 Bq (becquerel) 
*2) In the comparative example the value in gU was calculated in the 
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following way: 

2.0 (Bq/cm 3 ) • 6 x 10 4 cm 3 /3.7 x 10 4 Bq ^ 3 yci 
3 pci x 3 = 9 gU 



[0053] 
[Table 2] 



Evaluated items 


Comparative Example 


Working Examples 


Collection of drops 
with poor sphericity 




Drops with poor sphericity were 
separated and collected 


Yield of good product 


95% 


98% (improved by 3%) 


Easiness of Monitoring 
during dripping 


The aqueous ammonia 
solution turned yellow 
after the use. 


The aqueous ammonia solution was 
transparent even after the use and 
monitoring was easy. 


Easiness of treatment 
of waste liquid 


Concentration: 
2.0 Bq/cm 3 


Concentration: 0.4 Bq/cm J 
(reduced to 1/5 of the concentration 
in the comparative example.) 
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